INTRODUCTION
Ocean Drilling Program (ODP) Leg 205 returned to the Middle America Trench to install long-term observatories in order to investigate the active fluid flow across the Costa Rica margin and its implications for the seismogenic zone and subduction factory. This was achieved by installing circulation obviation retrofit kit (CORK)-IIs at two sites across the Middle America Trench offshore Costa Rica, previously drilled during ODP Leg 170 (Kimura, Silver, Blum, et al., 1997; Morris, Villinger, Klaus, et al., 2003) that were instrumented for long-term monitoring of pressure and temperature and for collecting time series of fluid and gas samples for subsequent chemical analysis (Jannasch et al., 2003) . Sediment coring, therefore, focused on the décollement zones at the prism sites (1254 and 1255, corresponding to Leg 170 Sites 1040 and 1043, respectively) and basement drilling at the incoming plate Site 1253 (Leg 170 Site 1039). Because of this, few new pore fluid and sediment samples were obtained during Leg 205. The distinct pore fluid chemical signals across the décollement zones observed during Leg 170 (Kimura, Silver, Blum, et al., 1997) were used to identify the décollement zones at the adjacent sites drilled during Leg 205. At the incoming plate, Site 1253, pore fluids and sediment samples were obtained only from the basal sediment section. Diagenesis was observed in the overlying sediments and between sills, and correspondingly, the pore fluids of the most altered sediments were modified as well.
Tracers of interest to geochemists in constraining the extent of smectite-illite reaction in the updip fluid source region and deciphering the bulk composition and temperature of the fluid source region include concentration ratios such as K/Li or K/Rb, F/Cl, and B and Cl isotope ratios. Halogen concentration ratios are presented below; however, because of mass spectrometer instrument problems, Cl and B isotope ratio data sets are incomplete. Preliminary results of the pore fluid Cl isotopic compositions indicate that at Sites 1040 and 1254, the δ 37 Cl values in décollement and fracture zone pore fluids are more negative than the values in prism and underthrust sediments. Tracers of interest to geochemists for tracking element recycling in volcanic arcs by subduction (e.g., Rb, Cs, Sr, and Ba concentrations and Sr and Li isotope ratios) were analyzed in the fluids and are reported in Tables T1 and T2 . When flow rates are established using data generated by ongoing monitoring of deep-sourced fluids, flux rates for elements leaving the subducting plate in fluid advected from deeper sources will be calculated. Such data will be useful for evaluating the impact of shallow slab dewatering on ocean chemistry and on composition of the residual slab subducted deeper (ultimately to depths of magma generation).
T1.
Chemical and Li isotope compositions, p. 20.
T2. Ba, Rb, and Cs concentrations, p. 21.
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The tracers chosen for pore fluid analysis from the Costa Rica subduction zone have two important characteristics:
1. Some tracers identify fluid-rock reactions (i.e., Li, B, Sr, and Ba), or specifically fluid-hydrous mineral reactions and mobility in the subduction zone (F, Cl, and Br). 2. Other tracers provide information on the approximate temperature of reaction (Li, K, Rb, and Cs) or on the sources and mixing of fluids involved in different fluid-rock reactions (Li, Sr, Cl, and O isotope ratios). Some of these are particularly important because they also are not involved in key retrograde reactions during migration (i.e., Cl, Br, and, possibly, F), thus, they maintain their identity even when mixed with diagenetic fluids formed in situ along the flow lines.
Because the geochemical behavior of halogens (F, Cl, and Br) is dominated by strong partitioning into the fluid phase, they are excellent tracers of fluids during subduction. Elemental and isotopic halogen systematics can thus supply critical information not available from other measurements about sources of fluids, flow paths, and reaction conditions. Cl, F, and Br have long been identified as excess volatiles that are thought to have accumulated in seawater, their principal exogenic reservoir, by outgassing of the mantle or from a late accretion of volatilerich material (Rubey, 1951; Schilling et al., 1978; Jambon, 1994) . Despite their abundances and widespread distribution, the geochemical behavior and cycles of F, Cl, and Br are, as yet, not well documented (Jambon, 1994) . Rb and Cs, along with K, Ba, and Sr (also La, Th, and U, for which data are not presented) are enriched in arc volcanics worldwide. They are large ion lithophile elements. Rb and Cs concentrations are not routinely measured in pore fluids from ODP legs; however, there have been several recent hydrothermal experiments that investigated their mobility as a function of temperature using representative sediments and seawater (James et al., 2003; W. Wei, pers. comm., 2005) . Rb and Cs behave similar to K at low temperatures and are typically partitioned into solids; however, Rb and possibly Cs concentrations increase in the fluid as a result of ion exchange with NH 4 in the sulfate reduction zone. Each of the alkali metals (Li, K, Rb, and Cs) has a characteristic behavior with respect to partitioning into the fluid phase as a function of temperature (W. Wei, pers. comm., 2005) . In general, at moderate to high temperatures (>60°C) the alkali metals partition into the fluid phase, with Cs partitioning earlier than Rb.
Primary Results from Site 1039, Supported by Shipboard Data from Site 1253
Strong evidence for vigorous, shallow flow of cool fluids in the oceanic section of the subducting plate at Site 1039 that may affect the updip limit of seismicity was obtained during Leg 170 and is supported by Leg 205 shipboard data. At the locations of the Leg 170 and 205 sites, heat flow is ≤15% of that expected for the plate age, implying significant advection of cool fluids (Langseth and Silver, 1996) . Heat flow data taken during recent cruises show that seamounts are sites of fluid discharge and recharge (Fisher et al., 2003b) , and modeling suggests that lateral flow rates of 3-30 m/yr in zones within the upper 600 m of highpermeability basement (10 -10 to 10 -8 m 2 ) are required to match the low
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heat flow on East Pacific Rise (EPR)-generated crust (Fisher et al., 2003a) . Chemical data also suggest vigorous and recent/contemporaneous fluid flow. The active flow system consists of slightly modified modern seawater within the upper oceanic crust (Silver et al., 2000; Kastner et al., 2000) . For example, Sr chemical and isotopic values in basal sediments are distinct from those appropriate for seawater of the sediment age or for pore fluid compositions modified by ash weathering, as seen higher in the sediment column (Silver et al., 2000) . Simple modeling suggests that the gradients, also observed for Li, Ca, and SO 4 , would diffuse away in ~15 k.y., unless supported.
Primary Results from Prism Sites 1040 and 1043, Supported by Shipboard Data from Sites 1254 and 1255
At the décollement sites (1040, 1043, 1254, and 1255) , pore fluid samples from the plate boundary and fault zone above it show strong, narrow anomalies in the abundances of thermogenic hydrocarbons through C 6 and other tracers (e.g., Ca, K, and Li). Taken together, the compositional anomalies indicate vigorous advection within the dé-collement and fault zones that transports species generated at temperatures of ~150°C (i.e., at or near temperatures thought to occur at the updip limit of the seismogenic zone). The persistence of local compositional anomalies suggests transient flow.
MATERIALS AND METHODS
All pore fluids analyzed were obtained by routine shipboard squeezing of whole-round sediment samples almost immediately after retrieval. The sediments were squeezed in titanium squeezers at ambient temperature and pressures of 2000-3000 psi (140-210 kg/cm 2 ). Samples were analyzed on board for a range of constituents (Morris, Villinger, Klaus, et al., 2003) and were supplemented by shore-based analyses summarized in Tables T1 and T2 . F and Br (Figs. F1, F2, F3 ) were analyzed by ion chromatography with a precision of 3%-5% after diluting the pore fluids (typical dilution ratio = 10). Saether's F concentration data were obtained with ion selective electrodes with a detection limit of 0.1 ppm. The error reported is 0.7% and the standard deviation is 3.6%. Rb, Cs, and Ba concentrations in both pore fluids and sediments (Figs. F4, F5 , F6, F7) were analyzed by inductively coupled plasma-mass spectroscopy (ICP-MS; ThermoQuest/Finnigan Element 2). The pore fluid samples and standards were diluted with 0.4-N HNO 3 and spiked with a 1.0-ppb In internal standard. Twenty pore fluid samples and a 0.5-and 2.0-ppb standard were analyzed in each batch of analyses. A 1.0-ppb drift standard was analyzed after every four samples. Instrumental drift was corrected online by normalization of the intensity of the analyte with that of the 115 In standard. A second drift correction was applied offline using repeated analyses of the 1.0-ppb Ba, Rb, and Cs drift standard made by dilution of the primary stock solution. The accuracy and precision of multiple analyses were determined by repeated analyses of the 1.0-ppb drift standard, as well as the 0.5-and 2.0-ppb standards. The average accuracies for Ba, Rb, and Cs were <1%, <1%, and <2%, respectively, and the average precisions of the Ba, Rb, and Cs analyses were <0.65%, 0.5%, and <2%, respectively. An addi- F1. F and F/Cl, p. 9.
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tional 65 pore fluid samples were analyzed for Ba concentrations by standard addition on a Perkin Elmer Optima 3000 ICP-optical emission spectrometer (OES) (Figs. F6, F7, F8 ). The average accuracy and precision of the ICP-OES analyses determined by multiple analyses of drift and calibration standards were <4% and <7%, respectively. The results of ICP-MS and ICP-OES determinations agree well (Figs. F6, F7, F8 ). The sediment samples were digested by adding 4-N HNO 3 to dissolve the carbonate, 30% hydrogen peroxide to oxidize the organic matter, a 2:1 mixture of concentrated hydrofluoric (HF) and nitric (HNO 3 ) acids to digest the sample, and then two portions of concentrated nitric acid. The digested samples were diluted with a 2% Optima nitric acid solution. All solutions were spiked with a 1.0-ppb In internal standard. The method of analysis by ICP-MS was identical to that performed on the pore fluid samples outlined above. The precision and accuracy of the sediment digestion protocol were determined by repeated digestions of reference U.S. Geological Survey (USGS) certified rock standards MAG-1 (marine mud) and SCO-1 (Cody shale). The average percent accuracies of multiple determinations of these standards for Ba, Rb, and Cs were <1%, 1.9%, and 3.5%, respectively, and the average percent precisions for Ba, Rb, and Cs were <1%, ~1%, and 1.3%, respectively. The Ba concentration data are from Solomon et al. (this volume). Some shipboard X-ray fluorescence (XRF) data analyzed during Leg 170 are included in Figures F6 and F7 . The samples were measured on an ARL 8420 XRF with reported percent accuracy and precision of 2%-3% (Kimura, Silver, Blum, et al., 1997) .
Isotopic compositions of pore fluids and bulk solids were determined by thermal ionization mass spectrometry (TIMS) according to the procedures previously described in Paytan et al. (1993) for Sr isotope ratios and You and Chan (1996) and Chan and Kastner (2000) for Li isotope ratios. Sr and Li concentrations were determined on board by ICPatomic emission spectroscopy (Morris, Villinger, Klaus, et al., 2003) . Sr isotope ratios (Fig. F9) were determined at Scripps Institution of Oceanography (SIO; California, USA) and Li isotope ratios (Fig. F10) were determined at Louisiana State University. The 2σ errors in Sr isotope ratio run uncertainties are smaller than the external precision of ±0.000024. The modern seawater value (NASS-2) measured at SIO is 0.709175 ± 24. All ratios are normalized to 86 Sr/ 88 Sr = 0.1194. The 87 Sr/ 86 Sr ratio of the National Bureau of Standards (NBS) standard measured at the SIO laboratory is 0.710260 ± 24. Li isotope ratios of pore fluids were determined using Li 3 PO 4 as an ion source material. The precision of both methods is 1%. Li isotope ratios are reported as δ 7 Li relative to National Institute of Standards and Testing (NIST) standard LSVEC. The 7 Li/ 6 Li of the standard determined by the phosphate method during the course of the study was 12.0844 ± 0.0088 (2σ).
PRIMARY RESULTS
In addition to the Leg 205 pore fluids analyzed for F, Br, Ba, Rb, and Cs concentrations and 87 Sr/ 86 Sr and δ 7 Li values and bulk sediments analyzed for Ba, Rb, and Cs concentrations, Leg 170 pore fluids were also analyzed for F and Br concentrations.
Fluoride concentrations and 87 Sr/ 86 Sr and 7 Li/ 6 Li ratios in the basal sections of Sites 1039 and 1253 (Figs. F1, F3, F9, F10, F11) show the same reversals in concentrations and isotope ratios that approach mod- F6. Rb, Cs, and Ba, Sites 1039 and 1253, p. 14.
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M. KASTNER ET AL. CHEMICAL AND ISOTOPIC COMPOSITIONS OF PORE FLUIDS AND SEDIMENTS 6
ern seawater values as observed during Leg 170. Site 1253 is ~1.5 km closer to the trench than Site 1039, suggesting that the observed trends are regional. These chemical and isotopic trends are driven by a fluid flow system in the upper igneous complex and/or basement that governs the transport of heat in this section of the downgoing slab. A preliminary model for this fluid flow system was provided by Silver et al. (2000) . Similar to Cl concentrations, Br concentrations do not show a reversal in the basal sediments. Because of the high concentration of Br, the Br/Cl ratios at Sites 1039 and 1253 (Fig. F2) are conservative throughout the sediment section. The apparent increase in F concentration in the pore fluids of the transition zone between the hemipelagic and pelagic calcareous sections at Sites 1039 and 1253 (Fig. F1A) is not seen when the data are normalized to Cl concentrations (Fig. F1D) .
The most striking observations at the décollement and fracture zones at Sites 1040 and 1254 are 1. The sharp maxima in F and Br concentrations that when normalized to Cl concentrations remain distinct (Figs. F1C, F1F , F2C, F2F), 2. The minima in Rb and K concentrations (Fig. F5) , 3. The less radiogenic Sr isotope ratios at these same horizons (Figs.  F9, F11) , and 4. The lower δ 7 Li values (Fig. F10) .
These data, together with shipboard and Leg 170 geochemical data, constrain the source depth of the fluid transporting solutes to the ocean along the décollement and fracture zones to a source at ~150°C. As discussed in Silver et al. (2000) , this temperature corresponds to10-15 km depth. These signals are subdued at Sites 1043 and 1255 because of their proximity to the trench; therefore, they are more dilute.
Additional Important Observations
1. The origin of the positive relationship between F and Ca concentrations both at the oceanic reference Sites 1039 and 1053 and particularly in the décollement and fracture zones observed at Sites 1040 and 1254 (Fig. F3) is being investigated. The observation that the deep-sourced fluid is enriched in F, an important metal-complexing agent, may help to explain some of the poorly understood observations of trace metal concentrations in arc volcanic rocks. 2. Organic matter in the prism sediments at Sites 1043 and 1255 and 1040 and 1254 is responsible for the somewhat elevated Br concentrations and Br/Cl ratios (Fig. F2B, F2C, F2E, F2F ). 3. Barium concentrations are slightly enriched in the hemipelagic and transition zone pore fluids (Site 1039). The organic C content of these sediments is higher than in the calcareous section. The extremely high pore fluid Ba concentrations at Site 1040 below the décollement, in the zone where the sulfate is depleted to zero concentration, is most remarkable (Fig. F8) (Figs. F6, F7) , reflecting the relative dilution by biogenic material with distance from the trench. In the hemipelagic sediments Rb and Cs concentrations are >28 ppm and >1 ppm, respectively. At relative plate velocity of 88 km/m.y., Site 1039 was ~440 km from the Middle America Trench at ~5 Ma, thus receiving a mixture of terrigenous and biogenic sediments. In the pelagic carbonates section (with intermittent ash) that was deposited when the plate was closer to the ridgecrest, Rb and Cs concentrations are low (<0 ppm and <0.5 ppm, respectively) and extremely depleted in the basal "baked sediments," most likely because of diagenetically enhanced mobility at moderate to high temperatures (W. Wei, pers. comm., 2005) . In the prism section of Sites 1040 and 1254, Rb and Cs concentrations are similar to those in the hemipelagic sediments at the reference Sites 1039 and 1253; however, the average Rb/Cs ratio in the hemipelagic sediments is ~15, and in the prism sediments it is ~25, which may indicate different sources. Morris, Villinger, Klaus, et al. (2003) , and data for Sites 1039, 1040, 1043 are from Kimura, Silver, Blum, et al. (1997) . SW = seawater.
Ca ( Figure F5 . Depth profiles of (A) K and (B) Rb concentrations in pore fluids at Sites 1040 and 1254. K data for Site 1039 are from Kimura, Silver, Blum, et al. (1997) , and data for Site 1253 are from Morris, Villinger, Klaus, et al. (2003) . SW = seawater.
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Depth ( Table T1 . Pore fluid chemical and Sr and Li isotopic compositions.
Notes: * = analyzed at Scripps Institution of Oceanography. All other data are from Morris, Villinger, Klaus, et al. (2003) . ND = no data. Table T2 . Sediment Ba, Rb, and Cs concentrations.
Note: ND = no data, BDL = below detection limit. 
